Abstract Changes in the fluorescence intensity of merocyanine-540 were measured in suspensions of synaptic plasma membrane ghosts isolated from rat brain cortex. With preincubation of the membrane ghosts in isotonic KCl or NaCl solution, K-and Na-enriched ghosts samples were prepared. In suspensions of both sort of synaptic membrane ghosts, merocyanine-540 showed a fluorescence emission peak at a wavelength of 590 nm. Under a fixed total concentration of NaCl and KCl, high external K+ induced an increase in the fluorescence intensity, such an increase being proportional to logarithm of K+ concentration. Replacing K+ by Rb+, NH4+ or Cs+, a similar effect was observed. Rb+ was about as effective as K+ ; NH4 is about 2/3 and Cs+ 1/4 as effective. But the changes in fluorescence with increasing K+ concentration were larger in K-ghosts than in Na-ghosts. K+-induced fluorescence changes were very small when gramicidin D was added to the suspension. K+-induced fluorescence changes were not observed in ultrasonicated ghost suspensions. Such findings seem to indicate that the K+ -ions induced fluorescence increases reflect the depolarization in the isolated synaptic plasma membrane ghosts. Furthermore, the permeability ratio PNa/PK(PNa, PK : the permeability constant for Na+ and K+) was estimated to be smaller than 0.03.
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The study of the membrane potential of nerve-ending is of primary importance in understanding neuronal function. Being a continuation of axon membraneso called axolemma-the limiting membrane of the nerve-ending serves to regulate the passage of ions, metabolites, and other small molecules, thus maintaining a special milieu for the specific activity of this compartment.
In the previous papers we reported that high external K+-ions caused swelling of isolated nerve-ending particles (synaptosomes) (KAMINO et al., 1973) , and produced alteration in synaptosomal Ca2+-binding characteristics such as dissociation constant and co-operativity (KAMINO et al., 1974) . Such phenomena seem to be closely related to synaptic membrane potential changes. However, unfortunately, the small size of the presynaptic terminals or isolated nerve-ending particles (about 600 nm diameter) (KAMINO and INOUYE, 1975) precludes direct measurement of presynaptic membrane potentials with conventional microelectrodes. Fluorescent probes have been used to detect the structural (or conformational) changes that accompany neuron activities (cf. COHEN, 1973 ; LANDOWNE, 1975) . Recently, certain fluorescent dyes have been found to accurately indicate membrane potential changes in axons of squid (COHEN et al., 1974; Ross et al., 1977; Cohen et al., unpublished results) , and it has been demonstrated that these dyes are useful as the molecular probes of membrane potential in systems where electrodes cannot be used (COHEN et al., 1974) . Of the dyes that exhibit a fluorescence response in squid giant axon, merocyanine-540 is one of the more sensitive dyes, and of impermeant dyes ; its signal is detectable with a signal-to-noise ratio greater than 10: 1 . The efficacy of this dye has been demonstrated in the detecting the membrane potentials in leech segmental ganglia SALZBERG et al., 1973) , cardiac muscle (SALAMA and MORAD, 1976) , and skeletal muscle (LANDOWNE, 1974) . Other dyes also have been used in the measurement of membrane potentials in suspensions of human red cells (HOFFMAN and LARIS, 1974) , mitochondria (TEDESCHI, 1974) , and Ehrlich ascites tumor cells (LARIS et al., 1976) . Using 3,3'-dialkyl-2,2'-oxacarbocyanine dye (diO-C5-(3)), BLAUSTEIN and GOLDRING (1975) had already demonstrated the potassium diffusion potentials in intact synaptosomes. This dye is one of permeant dyes.
In the present study, merocyanine-540 was used to investigate the extrinsic fluorescence changes in isolated synaptic membrane ghosts as a consequence of altering the external/internal K+ -ion concentration gradient. The results are discussed in relation to membrane potentials. 5-3-sodium sulfopropyl-2 (3H) -benzoxazolyliden-2 -butenylidene-1, 3 -dibutyl-2-thiobarbituric acid (merocyanine-540) was purchased from Eastman Kodak Co. This dye is impermeant to biological membrane (WAGGONER, 1976) . It has recently been shown that the fluorescence of an axon stained with this dye increases during the action potential (CoHEN et al., 1974) . They demonstrated in their voltage clamp experiment on a squid axon (Loligo pealii) that the fluorescence of this dye is linearly related to membrane potential over the range of +100 mV from the resting potential; depolarization caused an increase in fluorescence.
MATERIALS AND METHODS

RES U LTS
Electron micrograph and some configurational characteristics of isolated synaptic membrane ghosts A representative picture of a thin section of the isolated synaptic plasma membrane ghosts is presented in Fig. 1 . This micrograph definitely establishes The internal cation of the K-ghosts is all K+ and that of the Na-ghosts all Na+ . Effects of other alkali metal ions Alkali metal ions produce depolarization in excitable cells (SHANES, 1958; ADRIAN and SLAYMAN, 1966) . The ions such as Cs+ or Rb+ also increase merocyanine-540 fluorescence in the synaptic membrane ghosts suspension. As shown in Fig. 8 , Rb+ caused the increase in fluorescence to about the same extent as did K+. About five times as much Cs+ as K+ was required to produce a given level of the fluorescence increase. NH4+-ions also brought about the fluorescence increase. Complete replacement of Na+ by Li+ had practically no influence on the fluorescence in synaptic membrane ghosts. To summarize, the order of alkali cations in their ability to increase the fluorescence is as follows :
These results are consistent with those found with diO-C5-(3) in intact synaptosomes (BLAUSTEIN and GOLDRING, 1975 
DISCUSSION
The experimental results on electron micrograph and osmotic behavior indicate clearly that the separation of synaptic membranes during cell fractionation leads to resealing of the plasma membrane and reformation of a closed structure. The fluorescence of a number of dyes is directly proportional to the membrane potential in the squid giant axon (COHEN et al., 1974; Ross, et al., 1977) , suggesting that optical monitoring of the membrane potential changes could be used in biological suspensions including isolated synaptic membrane ghosts. Indeed,
it was demonstrated that estimates of the membrane potentials of Amphiuma red cells based on studies of fluorescence were in good argeement with those obtained with microelectrode techniques (HOFFMAN and LARIS, 1974) . The changes in fluorescence of merocyanine-540 were demonstrated to be a linearly related to the membrane potential in squid giant axon (COHEN et al., 1974) . Although it is impossible to measure directly the membrane potential in the isolated synaptic membrane ghosts, the following evidences indicate that the K+-ion induced increases in fluorescence reflect the depolarization of the membrane:
1. The fluorescence increased approximately in proportion to log [K]o. 2. Magnitude of the fluorescence intensities correspond to the depolarizing power of alkali metal ions. 3. The fluorescence in the Na-ghosts was, in its magnitude, different from that in the K-ghosts : this result suggests that the former is depolarized more than the latter. 4. The K+-ions induced fluorescence changes disappeared in the presence of gramicidin D which is an ionophore for Na+ . 5. In the ultrasonically disrupted samples, the K+ -ion induced changes in the fluorescence could not be observed. According to the constant field equation (GOLDMAN, 1943; HODGKIN and KATZ, 1949) , the membrane potential, V, of the isolated synaptic membrane ghosts in these experiments is expressed as (1) ignoring permeability to ions other than K and Na, or with p = PNa/PK : (2) where R, T and F have their usual thermodynamic meaning; PNa, PK, the permeability constants for Na+ and K+ ; [Na]o, [K] o, Na+, K+ concentrations (more strictly speaking activities) of the medium and [Na]i, [Na] o, those of the inside of the ghosts. Since chloride ions are assumed to be in equilibrium, the terms of chloride ions are omitted. Assuming that the fluorescence in the isolated synaptic membrane ghosts is proportional to V, the analogous expression for fluorescence, F, is : 
